Abstract This paper describes sensitive, accurate and precise spectrophotometric, TLC-spectrodensitometric and high performance liquid chromatographic (HPLC) methods for simultaneous determination of olanzapine and fluoxetine HCl. Two spectrophotometric methods were developed, namely; first derivative (D 1 ) and derivative ratio (DD 1 ) methods. The TLC method employed aluminum TLC plates precoated with silica gel GF 254 as the stationary phase and methanol: toluene:ammonia (7:3:0.1, by volume) as the mobile phase, where the chromatogram was scanned at 235 nm. The developed HPLC method used a reversed phase C18 column with isocratic elution. The mobile phase composed of phosphate buffer pH 4.0:acetonitrile:triethylamine (53:47:0.03, by volume) at flow rate of 1.0 mL min
Introduction
Olanzapine (OLZ) is an atypical antipsychotic drug, approved by the FDA for the treatment of schizophrenia and bipolar disorder. It is chemically designated as 2-methyl-4-(4-methyl-1-piperazinyl)-10H-thieno(2,3-b) (1, 5) benzodiazepine, Fig. 1A . It has a higher affinity for 5-HT 2 serotonin receptors than D 2 dopamine receptors. The mode of action of Olanzapine's antipsychotic activity is unknown [1] . Fluoxetine HCl (FLX) is an antidepressant of the selective serotonin reuptake inhibitor (SSRI) class. It is chemically designated as N-methyl-3-phenyl-3-[4-(trifluoromethyl)phenoxy]propan-1-amine, Fig.  1B . It is used for the treatment of depression. Being one of SSRI drugs, it acts by increasing the extracellular level of the neurotransmitter serotonin by inhibiting its reuptake into the cell [1] .
Determination of OLZ was carried out by HPLC [2] [3] [4] [5] [6] , UV spectrophotometry [2, 7] , CZE [2] and linear voltammetry [2] . For FLX, it was determined by UV spectrophotometry [8] [9] [10] and HPLC [11, 12] .
There is no official method for the determination of OLZ and FLX in dosage form. There are few reported methods for their simultaneous analysis including three HPLC methods [13] [14] [15] and two HPTLC methods [14, 15] .
So, the aim of this work was to develop recent, simple, sensitive and validated spectrophotometric methods, TLC-spectrodensitometric method and HPLC chromatographic method for the simultaneous determination of OLZ and FLX in their pure powdered form, laboratory prepared mixtures and in their pharmaceutical capsule dosage form. The spectrophotometric methods applied are first derivative (D   1   ) and derivative ratio (DD 1 ) method. The developed methods can be successfully applied in routine analysis and quality control laboratories.
Experimental

Apparatus
Spectrophotometric measurements were carried out on a dual beam Shimadzu (Kyoto, Japan) UV-Vis. spectrophotometer, model UV-1601 PC connected to IBM compatible with an Hp 600inkjet printer. The bundle software, UV PC personal spectroscopy software version 3.7 (Shimadzu, Kyoto, Japan) was used to process absorption and derivative spectra, the spectral band width was 2 nm and scanning speed was 2800 nm min À1 . The TLC system comprised a Camag Linomat autosampler (Switzerland), Camag microsyringe (100-lL), and Camag TLC scanner 35/N/30319 with winCATS software, a short wavelength UV lamp emitting at 254 nm (Desaga,Germany) and TLC plates precoated with silica gel GF 254 20 · 20 cm, 0.25 mm thickness (E. Merck, Darmstadt, Germany).
The HPLC system comprised an Agilent pump with different flow rates (model 1100 series, Agilent, USA), equipped with a variable wavelength detector and a 20-lL volume injection loop. A Zorbax ODS (5 lm, 25 · 4.6 mm i.d.) column was used as stationary the phase. The samples were injected with a 50-lL Hamilton analytical syringe.
Materials
Pure samples Olanzapine and fluoxetine HCl were kindly supplied by Eli Lilly Company -Egypt. Their purity was found to be 100.00% and 99.92% for OLZ and FLX, respectively according to a reported HPLC method [14] . 
Chemicals and reagents
All chemicals used throughout the work were of analytical grade and solvents were of spectroscopic and HPLC grade: Methanol (Merck, Germany), acetonitrile (Merck, Germany), triethylamine (Sigma-Aldrich, Belgium), phosphate buffer solution pH 4.0 [16] , toluene (Adwic, Egypt), ammonia solution 33% (Adwic, Egypt) and double distilled deionized water (Otsuka, Cairo, Egypt).
Solutions
Stock standard solutions Stock standard solutions of OLZ (4 mg mL
À1
) and FLX (20 mg mL À1 ) were prepared in methanol.
Working standard solutions For spectrophotometric methods. Working solutions of OLZ (50 lg mL À1 ) and FLX (1 mg mL À1 ) were prepared from their respective stock solutions using methanol as a solvent.
For TLC-spectrodensitometric method. Working solutions of OLZ (1 mg mL À1 ) and FLX (10 mg mL À1 ) were prepared from their respective stock solutions using methanol as a solvent.
For HPLC method. Working solutions of OLZ (100 lg mL À1 ) and FLX (1 mg mL À1 ) were prepared from their respective stock solutions using methanol as a solvent.
Laboratory-prepared mixtures
Solutions containing different ratios of OLZ and FLX were prepared by transferring aliquots from their working solutions into a series of 10-ml volumetric flasks and the volume of each was completed to the mark with methanol in case of spectrophotometry and TLC spectro-densitometry. For HPLC, the volume was completed to the mark with the mobile phase. ).
Procedures
Construction of the calibration curves For spectrophotometric method. For D 1 spectrophotometric method. Aliquots equivalent to 50-175 lg of OLZ and 1000-6000 lg of FLX were accurately measured and transferred from their working solutions into a set of 10-ml volumetric flasks and the volumes were completed to the mark with methanol. The zero order and the first derivative spectra were recorded. The peak amplitudes of the obtained first derivative spectra were measured at 292 nm for OLZ and at 270 nm for FLX.
For DD1 spectrophotometric method. The zero order absorption spectra of OLZ (5-17.5 lg mL
À1
) and FLX (100-600 lg mL À1 ) were measured and divided by the absorption spectra of 200 lg mL À1 FLX and 12.5 lg mL À1 OLZ, respectively. The first derivative of the obtained spectra was recorded. The peak amplitudes of the obtained DD 1 spectra were measured at 270 nm for OLZ and at 278 nm for FLX.
For TLC-spectrodensitometric method. Aliquots equivalent to 1-8 mg of OLZ and 10-60 mg of FLX were accurately measured and transferred from their working standard solutions into a set of 10-ml volumetric flasks and the volumes were completed to the mark with methanol. A 10-lL aliquot of each solution was applied to the TLC plates, and the plates were developed to a distance of about 9.5 cm by the ascending technique using methanol: toluene: ammonia (7: 3: 0.1, by volume) as the mobile phase. The plates were then removed, air-dried, and the spots were visualized under a UV lamp at 254 nm. The chromatogram was scanned at 235 nm. Two calibration curves representing the relationship between the recorded area under the peak and the corresponding concentrations of the drugs in micrograms per band were plotted.
For HPLC method. Aliquots equivalent to 200-1000 lg of OLZ and 1000-6000 lg of FLX were accurately measured and transferred from their working solutions into a set of 10-ml volumetric flasks and the volumes were completed to the mark with the mobile phase [Phosphate buffer pH 4.0: acetonitrile: triethylamine (53:47:0.03, by volume)]. A 20-lL aliquot of each solution was injected onto a Zorbax ODS column (5 lm, 250 · 4.6 mm i.d.), using the mobile phase, at flow rate 1.0 mL min À1 and detection at 235 nm. Two calibration curves were constructed by plotting the peak area ratios, using 50 lg mL À1 of OLZ and 200 lg mL À1 of FLX as the external standards (the divisors), against the corresponding concentration of each drug in micrograms per milliliter.
Assay of laboratory-prepared mixtures For spectrophotometric methods. The absorption spectra of the laboratory-prepared mixtures were scanned, processed as under calibration for each of the proposed methods and the concentration of OLZ and FLX in each mixture was calculated using the specified regression equation.
For TLC-spectrodensitometric and HPLC methods. The peak areas or peak area ratios of the laboratory-prepared mixtures were scanned and processed as described for the calibration for each of the proposed TLC and HPLC methods, respectively. The concentrations of OLZ and FLX in each mixture were calculated using the specified regression equations.
Application to pharmaceutical preparations For spectrophotometric methods. Twenty capsules of SymbyaxÒ (3 mg/25 mg) were evacuated, accurately weighed and finely powdered. Accurately weighed portions equivalent to 12 mg OLZ and 100 mg FLX, respectively were transferred into 100-mL beakers, sonicated in 30 mL methanol for 10 min and filtered into 100-mL volumetric flasks. The residues were washed three times each using 10 mL methanol and the solution was completed to the mark with the same solvent. Aliquots of 1.0 mL were transferred from the prepared solutions to 10-mL volumetric flasks and diluted with methanol for spectrophotometric determination of both drugs. The general procedure previously described under each method was followed to determine the concentration of each drug in the prepared dosage form solutions.
For TLC-spectrodensitometric and HPLC methods. Forty capsules of SymbyaxÒ (3 mg/25 mg) were evacuated, accurately weighed and finely powdered. Accurately weighed portions equivalent to 60 mg OLZ and 500 mg FLX respectively, were transferred into 100-mL beakers, sonicated in 30 mL methanol for 10 min, and filtered into 100-mL volumetric flasks. The residues were washed three times each using 10 mL methanol and the solution was completed to the mark with the same solvent. Aliquots of 5.0 mL were transferred from the prepared solutions to 10-mL volumetric flasks and diluted with methanol for TLC-spectrodensitometric determination of both drugs, Table 4 Determination of olanzapine and fluoxetine HCl in SymbyaxÒ capsules and application of standard addition technique using the proposed methods. where 10 lL was applied onto TLC plates. For HPLC analysis, the last solution was further diluted by transferring 1.0 mL aliquots of it to 10-mL volumetric flasks and the volumes were completed with the HPLC mobile phase. The general procedures described above for each method were followed to determine the concentration of OLZ and FLX in the prepared dosage form solutions.
Results and discussion
Spectrophotometric methods
First derivative method (D 1 ) The zero order absorption spectra of OLZ and FLX show severe overlapping that prevents the use of direct spectrophotometry for their analysis without preliminary separation, Fig. 2A . In the first derivative spectrophotometry, the zero order absorption spectra of OLZ and FLX are obtained and then the first derivative of the obtained spectra was recorded using Dk = 4 nm and a scaling factor of 10, Fig. 2B . The peak amplitudes of the obtained first derivative spectra were measured at 292 nm for OLZ and 270 for FLX. The first derivative spectroscopy was applied to solve the problem of the overlapped absorption spectra of the cited drugs.
The regression equations were computed for OLZ and FLX and found to be: Derivative ratio method (DD 1 ) In the derivative ratio spectrophotometry, the absorption spectrum of the mixture is obtained and divided by the absorption spectrum of the standard solution of one of the components, and the first derivative of the ratio spectrum is obtained. First derivative ratio spectrophotometric method DD 1 was applied to solve the problem of the overlapped absorption spectra of the cited drugs.
Different concentrations of OLZ and FLX were investigated as divisors. The divisor concentrations 12.5 lg mL À1 and 200 lg mL À1 of OLZ and FLX, respectively, were found the best regarding average recovery percent when they were used for the prediction of OLZ and FLX concentrations in bulk powder as well as in laboratory-prepared mixtures. The obtained ratio spectra were differentiated with respect to wavelength using scaling factor 10 and Dk = 4, Fig. 3A and B. The peak amplitudes showed good linearity and accuracy at 270 nm and 278 nm for OLZ and FLX, respectively. The regression equations were computed for OLZ and FLX and found to be:
where DD 1 is the peak amplitude and C is the corresponding concentration in lg mL À1 .
TLC-spectrodensitometric method
Several trials were done to choose a developing system which can separate OLZ from FLX. Satisfactory separation was obtained using the system methanol: Toluene: ammonia (7:3:0.1, by volume) as the mobile phase. R f values were 0.3 ± 0.02 and 0.7 ± 0.02 for OLZ and FLX, respectively as shown in Fig. 4 . This separation allows the determination of OLZ and FLX at 235 nm without any interference from each other. A polynomial relationship was found to exist between the integrated area under the peak of the separated spots at the selected wavelength (235 nm) and the corresponding concentration of OLZ in the range of 1-8 lg band À1 and in the range of 10-60 lg band À1 in case of FLX. The regression equations were computed for OLZ and FLX and found to be:
where A is the integrated peak area under the peak and C is the corresponding concentration in lg band
À1
.
HPLC method
Good chromatographic separation of the two drugs in their binary mixtures could be achieved by using a Zorbax ODS column (5 lm, 250 · 4.6 mm i.d.) with a mobile phase consisting of Phosphate buffer pH 4: acetonitrile: triethylamine (53:47:0.03, by volume) followed by UV detection at 235 nm, Fig. 5 . Several trials have been undertaken to reach the optimum stationary/mobile phases matching. The suggested chromatographic system allows complete base line separation at reasonable time. The linearity of the detector's response of the studied drugs was determined by plotting peak area ratios (calculated following the external standard technique using 50 lg mL À1 of OLZ and 200 lg mL À1 of FLX as the external standards) versus concentrations and linear correlation was obtained. The regression equations were computed for OLZ and FLX and found to be: Table 1 .
The proposed methods were successfully applied to the analysis of OLZ and FLX in their laboratory prepared mixtures, Tables 2 and 3 and in capsule dosage form, Table 4 . The validity of the proposed methods was assessed by applying the standard addition technique, Table 4 .
After the proposed TLC-spectrodensitometric and HPLC methods have been validated, an overall system suitability testing was done to determine if the operating system is performing properly. All peak parameters of resolution efficiency were calculated and satisfactory results were obtained, Table 5 .
Statistical comparison between the results obtained by the proposed methods and those obtained by the reported HPLC method was done [14] . The calculated t-and F-values [17] were found to be less than the corresponding theoretical ones, confirming good accuracy and excellent precision, Table 6 .
Conclusion
The proposed methods are simple, sensitive, and precise and could be easily applied in quality control laboratories for the simultaneous determination of OLZ and FLX.
The advantages of the proposed HPLC method over the reported ones [13] [14] [15] are better resolution (12.88), wider range (we can determine up to 100 lg mL À1 olanzapine and 600 lg mL À1 fluoxetine HCl) and less tailed (more symmetric) peaks. The proposed TLC-spectrodensitometric method has also the advantages of better resolution and wider range (we can determine up to 8 lg band À1 olanzapine and 60 lg band À1 fluoxetine HCl) over the reported ones [14, 15] . The proposed methods could be successfully applied for the routine analysis of the studied drugs either in their pure bulk powders or in their dosage forms without any preliminary separation step. 
